, Related to Figure 1C . (A) Theoretical network map of the tyrocidine family with single monomer difference connectivities and mass differences. (B) iSNAP single monomer analogue identification results for the tyrocidine family of cyclic peptides. Tyrocidines with successfully dereplicated MS/MS spectra are shown in Blue, while tyrocidines shown in Red represent the dereplicated seed structure matched to the MS/MS spectra of known analogues within the crude culture. Only single monomer connectives or analogues with one monomer difference are evaluated in this experiment. P1 and P2 cutoffs set to 27, and 24 respectively. 
Supplemental Experimental Procedures Production and Extraction of Nonribosomal Peptides
For production of the tyrocidines, colonies of Bacillus parabrevis were freshly grown on Nutrient media agar for 7 days and incubated at 30°C, prior to inoculating a 250 mL Erlenmeyer flask containing 100 mL of Nutrient media (tap water). The cultures were grown for 5 days at 200 rpm and at 30°C, at which point, 1 mL of seed culture was used to inoculate 2.8 L Fernbach flasks containing: 1 L of tap water, 5 g tryptone, 3 g beef extract, 3 g peptone, 2 g glucose, 0.5 g yeast extract, and 0.5 g NaCl, with pH adjusted to 7. The cultures were grown for 2 days on rotary shakers at 200 rpm and incubated at 32°C, followed by 2 days growth without aeration. On day four, Fernbach flasks were acidified to pH 4 using 1 N HCL and left for 4 hrs on bench-top. Following acidification, cultures were transferred to 50 mL conical tubes and centrifuged at 3500 rpm for 30 min at 4°C using an Allegra X-15R centrifuge. The cell-free supernatant was decanted after centrifugation and the pelleted mycelia was extracted three times with a mixture of ethanol:water (9:1) containing 0.1% HCL. The ethanol:water fractions were pooled and concentrated under reduced pressure, and re-suspended in minimal amounts of methanol, followed by Acrodisk filtration (13 um, 0.45 um GHP, VWR). LC-MS/MS analysis was performed on a Dionex Ultimate 3000 HPLC system, equipped with a diode-array detector and coupled to a Bruker Amazon-X Ion-trap mass spectrometer. Aliquots of 10 uL of the crude extract was loaded onto a Sigma-Aldrich Ascentis Express C18 reverse-phase column (150 mm x4.6 mm, 2.7mm) with a linear gradient of 5% Methanol from 0-3 min, 5-60% from 3-12 min, 60% from 12-16 min, 60-90 % from 16-40 min at a flow rate of 1 ml/min. Solvent A was 0.1% formic acid and solvent B was methanol with 0.1% formic acid (v/v) .
For production of the WS9326a, colonies of Streptomyces calvus were freshly grown GYM media agar for 5 days prior to liquid culture. Fermentation cultures were performed in 250mL flasks containing 50 mL of deionized water containing 15 g/L of soluble starch; 5 g/L of glucose; 10 g/L molasses; 10 g/L of fish meal; and 5 g/L of calcium carbonate. Cultures were grown for 7-days at 28°C and 250 rpm, followed by Diaion HP20 (Sigma-Aldrich) resin (25g/L) binding and Methanol extraction. LC-UV/MS system consisted of a Dionex 3000 Ultimate LC coupled to a Bruker Amazon-X mass spectrometer with a flow-split of 10:1 respectively. LC separations were performed on a Sigma-Aldrich Ascentis Express C18 reverse-phase core-shell column (150 x 4.6mm, 2.6 mm). Mobile phase composition was linear with a gradient of 5% organic from 0 to 3 min, 5-95% from 3 to 40 min, at a flow rate of 1.10 mL/min. Solvent A was H2O + 0.1% formic acid and solvent B was acetonitrile with 0.1% formic acid (v/v).
For production of loloatin, a single colony of B. laterosporus was used to inoculate 50 mL of LB media which was grown for 24 hrs at 28°C and 250 rpm. Subsequently, 10 mL of overnight culture was used to inoculate six 2.8 L Fernbach flasks containing 0.5 L of LB, growing for 3 days at 28°C and 250 rpm. Cultures were harvested by centrifugation and the pellets were extracted with 1 L of 1:1 ethyl acetate-methanol. The cell pellet extract was dried under rotary vacuum and resuspended in 1 mL methanol. For iSNAP analysis, loloatins were separated using a Luna C18 column (150 mm × 4.6 mm, Phenomenex), with a flow rate of 1.1 mL/min, ramping from 5% methanol at 3 min to 65% methanol at 12 min (curve 5), ramping to 75% methanol until 24 min, then ramping to 79% methanol by 26 min and maintaining it until 40 min, followed by a wash of 100% methanol for 11 min. Solvent A was 0.1% formic acid and solvent B was methanol with 0.1% formic acid (v/v). Active exclusion MS/MS-setting was not utilized for analysis of loloatins.
For production of the LI-F0 series antibiotics, a single colony of P. polymyxa was used to inoculate 50 mL of tryptic soy broth (TSB) with 0.1% soluble starch in a 250 mL Erlenmeyer flask. Following 96 hrs of growth, 5 mL of culture was used to inoculate six 2.8 L Fernbach flasks containing 1.5 L potato dextrose broth (PDB), and was cultured for 96 hrs at 28°C and 200 rpm. Cultures were extracted with 20 g/L Diaion HP-20 resin (Sigma-Aldrich) by mixing for two hrs, after which resins were harvested by filtration and extracted with excess acetone. The supernatant extract was dried under rotary vacuum and resuspended in ~8 mL of 7:3 water-methanol. For iSNAP analysis, the LI-F0 series were separated using two Luna C18 columns in tandem (150 mm + 250 mm × 4.6 mm), at a flow rate of 1.3 mL/min, ramping from 2% acetonitrile at 4 min to 27% acetonitrile at 15 min (curve 5), then slowly ramping to 34% acetonitrile at 55 min (curve 7), followed by a wash of 100% methanol at 56 min. Solvent A was 0.1% formic acid and solvent B was acetonitrile with 0.1% formic acid (v/v). Active exclusion MS/MS-setting was not utilized for analysis of LI-F0 series antibiotics.
For production of the glycosylated arylomycins, a single colony of NAM12 was used to inoculate 50 mL of GYM media containing 0.5% glycine in a 250 mL Erlenmeyer flask, growing for 96 hrs at 28°C and 200 rpm. Cultures were extracted with 20 g/L Diaion HP-20 resin (Sigma-Aldrich) by mixing for two hrs, after which the resins was harvested by filtration and extracted with excess methanol. The supernatant extract was dried under rotary vacuum and resuspended in 1 mL methanol. For iSNAP analysis, glycosylated arylomycins were separated using a Luna C18 column (150 mm × 4.6 mm, Phenomenex), at a flow rate of 1.5 mL/min, ramping from 5% acetonitrile at 4 min to 100% acetonitrile at 30 min (curve 5; linear). Solvent A was 0.1% formic acid and solvent B was acetonitrile with 0.1% formic acid (v/v). Active exclusion MS/MSsetting was not utilized for analysis of arylomycins.
For purification of the 1000 Da analogue, 36 L of NAM12 0.5 L GYM cultures containing 0.5% glycine were extracted with 20 g/L Diaion HP-20 resin (Sigma-Aldrich) which was subsequently eluted with excess methanol and evaporated to dryness. After being evaporated to dryness and resuspended in a small volume of methanol the sample was applied to an LH20 resin size exclusion column, running methanol as the mobile phase. Fractions containing glycosylated arylomycins were pooled, evaporated to dryness, resuspended in small volume of methanol. Arylomycins were subjected to two rounds of LCMS semipreparative scale separation and isolation using a Luna C18 column (250 mm, × 10 mm, Phenomenex) at a flow rate of 7 mL/min, yielding 600 µg of the 1000 Da variant and 7.8 mg of the 1014 Da parent. Solvent A was 0.1% formic acid and solvent B was acetonitrile with 0.1% formic acid (v/v). Chromatographic conditions started with 5% acetonitrile for the first 4 min, ramping to 47% acetonitrile by 10 min, then slowly ramping to 52% acetonitrile by 35 min, followed by a 10 min wash of 100% acetonitrile. The parent arylomycin structure (1014 Da) eluted at 28 min, and the 1000 Da analogue eluted at 20 min.
Bioactivity of Glycosylated Arylomycins
Escherichia coli BW25113 ΔbamBΔtolC (a kind gift from Prof. Gerard Wright) was used to determine MIC values of the glycosylated arylomycins (1014 Da & 1000 Da analogue) in concentrations ranging from 2 µg/mL to 0.1 µg/mL, in 96-well plates containing cation-adjusted Mueller-Hinton broth (CAMHB). Measurements were obtained in triplicate from two independent biological replicates. The MIC microdilution assay was performed according to the Clinical and Laboratory Standards Institute protocols.
iSNAP Detection of Tyrocidine and WS9326s
LCMS data files (.mzXML) were analyzed with the iSNAP analogue program, using standard fragmentation settings and conditions, but with an analogue window of 12 Da to 200 Da, with single and double charged hypothetical parent ions generated.
iSNAP Detection of Loloatin Structures
LCMS data files (.mzXML) were analyzed with the iSNAP analogue program, using standard fragmentation settings and conditions, but with an analogue window of 1 Da to 60 Da, and only single charged hypothetical parent ions generated. As these data were collected on a lower resolution mass spectrometer, the theoretical fragment m/z tolerance was 0.25 Da. Loloatin analysis used an iterative processing logic, with the four known loloatins used as seeds for analoguing. After the first round of analogue analysis, structures that could be validated as correct by manual MS/MS annotation were forwarded as additional seeds for the second round. After the fourth round, no additional analogues could be discovered. All reported values are for the fourth round of iterative iSNAP analogue analysis. All reports found in Appendix 1 were analyzed and generated manually using iSNAP analogue program data, providing consensus structures for iSNAPidentified ions after validation by manual MS/MS annotation.
iSNAP Detection of LI-F0 series Structures
LCMS data files (.mzXML) were analyzed with the iSNAP analogue program, using standard fragmentation settings and conditions, but with 0 to 1 amide, ester, and water loss fragmentations, a mass window of 80da, and using the double charged hypothetical parent ions. As these data were collected on a lower resolution mass spectrometer, the theoretical fragment m/z tolerance was 0.25 Da. A library of all 12 known LI-F0 series antibiotics were used as seed structures for analogue discovery. All reports found in Appendix 2 were analyzed and generated manually using iSNAP analogue program data, providing consensus structures for iSNAP-identified ions after validation by manual MS/MS annotation.
Though iSNAP is capable of detecting LI-F0 series antibiotics, P1/P2 scores and monomer localization accuracy was increased by placing an isobaric guanidinium group at the ketone position of the acyl tail, as fragmentation generates an unusual C-C bond cleavage between the hydroxyl and ketone. Modification at this site yielded an appropriate fragment through conventional amide bond cleavage. SMILES for the scaffold of these modified LI-F0 structures used in this work are as follows:
iSNAP Detection of Glycosylated Arylomycin Structures
LCMS data files (.mzXML) were analyzed with the iSNAP analogue program, generating 0-2 hypothetical amide bond cleavage fragments and 0-1 hypothetical water loss fragments. Other modifications to the standardized parameters include an increased noise cut-off (1%), single charged hypothetical parent and daughter ions selected, with P1/P2 scores of 25. As these data were collected on a lower resolution mass spectrometer, the theoretical fragment m/z tolerance was 0.25 Da. The two known and dereplicated glycosylated arylomycins were used as candidate seed structures for analogue discovery using a mass window of 80 Da. In a second round of analysis, the mass-window was increased to 150 Da, with both known and novel glycosylated arylomycins as candidate seed structures. All reports found in Appendix 3 were analyzed and generated manually using iSNAP analogue program data, providing consensus structures for iSNAP-identified ions after validation by manual MS/MS annotation Though iSNAP is capable of detecting glycosylated arylomycins, P1/P2 scores and monomer localization accuracy was increased by replacing the deoxy-a-mannose sugar with an amide linked isobaric species that could be then more readily fragmented and scored using the hypothetical structural fragments generated by iSNAP. The SMILES code for the modified arylomycins used in this work are as follows: 
